Objectives: Saline irrigation of the nasal cavity and paranasal sinuses has a recognised role in the management of chronic rhinosinusitis. However, bacterial recontamination of irrigation bottles through backflow from the sinonasal cavity is a concern in recurrent sinus cavity infections. While patients are encouraged to clean the irrigation bottles regularly, there remains significant concern that the use of contaminated bottles may perpetuate chronic rhinosinusitis. This study assesses the optimal microwave duration to achieve decontamination for each irrigation bottle component part (reservoir, tube and nozzle) using a standard, commercially available microwave. In addition,
| INTRODUCTION
Saline nasal irrigation remains the cornerstone in the management of chronic rhinosinusitis (CRS). 1 for penetration of sinus ostia and lavage of the sinus cavity. 3 The presumed mechanisms of action include physical lavage of inspissated mucus and debris; reduction in inflammatory marker load;
and improving mucociliary action. 4, 5 As an adjunct therapy, saline nasal irrigation is routinely recommended before and after endoscopic sinus surgery (ESS). 6, 7 sinus irrigation device resulting in postoperative infection remain hypothetical, patients are encouraged to wash their devices regularly. 8 Studies have demonstrated significant levels of contamination in irrigation bottles [8] [9] [10] and irrigation fluid 11 collected from postoperative patients, despite being given detailed instructions on cleaning. As patient compliance to undertake proper cleaning is a separate but relevant issue, various cleaning techniques have also been assessed to try and simplify the decontamination process. [11] [12] [13] [14] Some investigators have focused on the efficacy of microwaving the irrigation device to optimise the rate of decontamination. 15 However, the duration of microwave based on manufacturer's recommendation varied between 60 and 120 seconds; 60 to 90 seconds in the United Kingdom and 90 to 120 seconds for the United States. Wattage or microwave power are not defined. 16 The discordance in these microwave durations compound effective patients' education and compliance. Furthermore, microwave disinfection has been tested in both unsupervised and supervised patients' settings. It has shown promising results in that complete bacterial disinfection was achieved in the witnessed clinic setting, indicating the lack of patient's compliance to follow instructions when they are unsupervised.
17
The principal aim of this study was to assess the effectiveness of microwave disinfection of in vitro contaminated NeilMed â Sinus Rinse TM bottles to inform on the optimum microwave duration that would achieve the highest degree of decontamination.
2 | ME TH ODS
| Study design
The microwave duration was fixed at 30, 60, 90, 120 and 150 seconds. Five bottles were allocated to each of these 5 groups (see below). For practical purposes, a standard commercially available 700 Watt microwave (Tesco Microwave Oven MT08PN: 261800315297, Tesco PLC., Hertfordshire, UK) was used in this study.
Each microwave cycle was at the maximum power setting (700 W) and the only adjustment made was the duration of the cycle. In terms of total heat energy delivered for each group at 700 Watt (1 Watt = 1 Joule/second), it corresponds to 21 000, 42 000, 63 000, 84 000 and 1 05 000 Joules per group's relative seconds tested.
| Creation of an inoculation culture
Swabs from two bottles obtained from postoperative patients were used to create an inoculation culture. These swabs were used to inoculate ten brain-heart infusion (BHI) plates (non-selective growth media)
and incubated overnight at 37°C + 5% CO 2 .
| Inoculum preparation and in vitro bottle contamination
To prepare the inoculum, the pre-inoculated BHI plates were washed with sterile saline (B. Braun Medical Inc., Sheffield, UK) to 27 mL final volume. Each of the 25 bottles was inoculated with 1 mL inoculum plus 29 mL of sterile saline for five hours in normal room conditions to drain the inoculum. The remaining inoculum was squeezed off, and the bottles were left to air-dry overnight.
| Decontamination of contaminated bottles by microwaving
The contaminated bottles were divided into five groups of five bot- Figure 2A ). 18 The plates were incubated for two nights at 37°C + 5% CO 2 , to account for slow growing organisms.
| Quantifying bacterial contaminants
The number of bacterial colonies growing in each quadrant (Q1-Q4), for each plate, was counted at 24 and 48 hours of incubation. Growth was scored on a semi-quantitative scale from no growth to 4+ according to O'Brien et al 19 scoring matrix; no growth: no colonies at any of the four quadrants, scant growth: <25 colonies in quadrant Q1, 1+
growth: ≥25 colonies in Q1 and <25 in Q2, 2+ growth: ≥25 colonies in Q2 and <25 in Q3, 3+ growth: ≥25 colonies in Q3 and <25 in Q4 and 4+ growth: ≥25 colonies in Q4 ( Figure 2B ).
| Determining the percentage (%) decontamination of the bottles and irrigate
To quantify the degree of contamination and to assess the change in contamination after microwaving, a percentage matrix from 0 (no growth) to 100 (4+) was introduced ( Figure 2B ). The percentage contamination before and after microwaving was used to express the
Keypoints
• Levels of microwave decontamination differed for the different irrigation bottle components.
• 90 seconds are the optimum microwave duration for decontamination of all irrigation bottle components.
• Microwave durations exceeding 90 seconds cause thermal degradation and deformation of the reservoir plastic component of the irrigation bottle.
percentage decontamination (((after-before)/before) *100) for each bottle component (nozzle, tube, reservoir) at corresponding microwave length cycle. The results were aggregated per the component parts of the bottles for each group.
| Statistical analysis
Data were analysed and compared using GraphPad Prism 7 software (GraphPad Software Inc., La Jolla, CA, USA) and considered to be parametric. Statistical significance was determined by one-way ANOVA and corrected according to Bonferroni adjustment.
| RESULTS
Although there was an incremental increase in decontamination with increasing duration of microwave of all bottle components, none of the groups achieved 100% decontamination after the respective
TM bottle compartment's tested. Cultures performed of the irrigation bottle included from left to right; reservoir, tube (inner and outer parts) and nozzle (inner part) F I G U R E 2 Four-Quadrant Streak Method and Growth Scoring. (A) Each plate was divided into four quadrants Q1-Q4. Each swab was placed at approximately 2 cm over Q1 and spread with a disposable loop using closing parallel streaks. The plate was rotated by 90 degrees, and another disposable loop was lightly swept 3 times through the inoculated area and then streaked into Q2. This step was repeated for Q3 and Q4. Colonies in each quadrant were counted after 24 and 48 h of incubation. (B) Growth was scored on a semi-quantitative scale according to the number of colonies counted in each quadrant. This method was adapted by O'Brien et al (2001) . For each growth score, a % contamination score was also given. Lowest growth is represented by no colonies in any of the four quadrants, so no growth score, and thus 0% contamination score. Highest growth is represented by more or equal to 25 colonies at Q4, so 4+ growth score, and thus 100% contamination score NIKOLAOU ET AL.
| 263 microwave duration (Figure 3) . In fact, the percentage of decontamination decreased at 48 hours after microwaving which confirmed the survivability and proliferation of the microbiota, although no statistical significance was observed between the two incubation time points. The bottle tube percentage decontamination is higher compared to bottle nozzle and reservoir, across all time points of microwaving after 24 hours of incubation, whereas bottle reservoir was the least decontaminated ( Figure 3 ).
Low levels of decontamination were achieved after 30 seconds, although it was noted that there was no change to the degree of decontamination in bottle reservoir at this microwave duration.
However, a significant increase in decontamination of the bottle reservoir was observed when the microwave duration was increased from 90 to 120 seconds, although there was no significant change at 150 seconds (Figure 3) . In contrast, a significant increase in decontamination of the nozzle and tube occurred when the microwave duration was increased from 60 to 90 seconds for both 24 hours and 48 hours. Thereafter, the change in the degree of decontamination at microwave durations was marginal ( Figure 3 At all microwave durations, greatest decontamination was observed in the tube followed by the nozzle and reservoir. The degree of decontamination decreased by 48 hours after microwave, although these changes were not significant when compared to the degree of decontamination in the preceding 24 hours. The only exception was the degree of decontamination in the tube after 150 seconds' microwave. It is worthwhile mentioning that the bottles started to deform at 120 and 150 seconds suggesting that further assessment of the thermoplastic properties of these bottles is required.
| Strengths of the study
Overall, the results suggest the optimum microwave duration to be 90 seconds. This study was designed to be pragmatic and to mimic real-life scenario, hence utilising a standard 700 Watt microwave purchased from a high-street retailer. However, different makes of The level of decontamination reduced further 48 hours after microwave. Thus, for patients who do not irrigate daily, they should be encouraged to wash their bottles and microwave before using it.
It must be remembered that the present study has only assessed the NeilMed â Sinus Rinse TM bottle and that there are 25 other irrigation systems available. 20 Further studies are needed to determine whether bacterial contamination of these irrigation bottles is clinically relevant. Prospective, clinical studies are required to assess whether bacterial contaminants can be cultured from patients' sinuses and whether this results in recurrent disease. If longer microwave durations are required to achieve higher levels of decontamination, the thermoplastic properties of these devices need to be systematically assessed although there may be cost implications to improving the durability of these devices to withstand multiple microwave cycles.
| CONCLUSION
This study has assessed the degree of bacterial decontamination of all three bottle components and irrigation fluid at 30-second increments. Although none of the microwave durations tested in this study resulted in complete decontamination, we recommend a minimum microwave cycle of at least 90 seconds. 
